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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



I. Basis of the report 



International application No. 
PCT/SE99/02029 



1 With regard to the elements of the international plication:* 
I I the international application as originally filed 



the description: 
pages 1-9 

pages ^ 

pages 

the claims: 

pages 

pages 

pages 



, as origjnally filed 



, filed with the demand 



, filed with the letter of 



, as ori^nally filed 



, as amended (together with any statement) under article 19 

, filed with the demand 



pages 10-14 



, filed with the letter of 9 . 1 1 ,2000 



the drawings: 
pages 1-2 

pages ^ 

pages 



, as ori^nally filed 



, filed with the demand 



, filed with the letter of 



I I the sequence listing part of the description: 

pages 

pages 

pages 



, as orig^nally filed 



, filed with the demand 



, filed with the letter of 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
■ the international application was filed, unless otherwise indicated under this item. ^^^^ 

These elements were avaUable or fiimished to this Authonty m the foUowmg language ^ 

I — I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international ^plication (under Rule 48.3(b)). 

H the language of the translation fiimished for the purposes of international preliminary examination (under Rules 55.2 and/ 
I — ' or 55.3V 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequenUy to tHs Authority in computer readable form. ^ 
HH -nie statement that the subsequently fiimished written sequence listing does not go beyond the disclosure in the 
I — I ;nt*.T«!it;nnnl annlication as filed has been furnished _ _ 

been furnished 

4. Q The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. • 



¥SlTSS*S°S^or^'^^^^^ readable fom. is identical to the written sequence listing has 



I I the drawings, sheet/fig 



5.n 



This report has been established as if (some of) the amendments had not been made fee they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). 
• Replacement sheets which have beenjurnished to the receiving Office in response to an invltaion under Article 14 are referred to 
^TthTs repoLTZ^^^ Sore artnexed to this report since they do not contain amendments (Rules 70. 16 

and 70. 17). 

»• Any replacement sheet containing such amendments must be referredto under item I and annexed to th,s report. 
Form PCT/IPEA/409 (Box I) (January 1998) 
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International application No. 
PCT/SE99/02029 



IV. Lack of unity of invention 



1 . In response to the invitation to restrict or pay additional fees the applicant has: 
y j restricted the claims. 
^ j paid additional fees. 
j I paid additional fees under protest 
- ^ I neither restricted nor paid additional fees. 

This Authority found that tiie requirement of unity of invention is not complied with and chose, according to Rule 68.1, not | 
to invite the applicant to restrict or pay additional fees. ^ 



3. This Authority considers that the requirement of unity of invention inaccordance with rules 13.1, 13.2 and 13.3 is 
I I complied with. 

not complied with for the following reasons: 

The International Preliminary Examining Authority found 
multiple inventions in this international application, as 

follows: . 

claims 1-21 relate to a method and a devxce for 
recirculating a part of exhaust gases of a diesel engine and 
to a valve for mixing exhaust gases and fresh air; 
- claims 22- - 25 relate to a method and a device for 

regulating a diesel engine depending on information from a 
lambda probe and from sensors for the engine speed and the 
engine load. 

The invention of claims 1 - 21and of claims 22 - 25 do not 
have common special technical features as required by PCT Rule 
13.2. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 

I I all parts. 

I I the parts relating to claims Nos. ^ ^ 



Form PCT/IPEA/409 (Box IV) (January 1998) 



ntemational application No. 
INTERNATIONAL PRELIMINARY EXAMINATION REPORT TpcT/SE9 9/02 02 9 
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V. Reasoned statement under Article 35(2) witb regard to novelty, inventive step or industrial appUcabaity; 
citations and explanations supporting such statement 



1. Statement 

YES 
NO 



Novelty (N) 


Claims 


1-25 


Claims 




Inventive step (IS) 


Claims 


1-2] ^ . ~ 


Claims 


,22-25 ' 


Industrial applicability (lA) 


Claims 
Claims 


•1-25 . 



YES 
NO 

YES 
NO 



2. Citadons and explanations (Rule 70.7) 

Amended claims have been submitted. 

The present invention relates to a method and a device for 
recirculating a part of exhaust gases of a diesel engine and 
to a valve for mixing exhaust gases and fresh air as stated in 
the preambles of claims 1, 6, and 16 respectively. One purpose 
of the invention is to provide a simple and reliable method 
and device regulating the relation air/recirculated exhaust 
gases. This is achieved by the features stated in the 
characterising part of claims 1, 6 and 16. 

None of the documents cited in the International Search Report 
discloses a method and a device for recirculating a part of 
exhaust gases of a diesel engine and a valve for mixing 
exhaust gases and fresh air as claimed in claims 1 -21. 
Furthermore, in the cited documents there are no suggestions 
leading a person skilled in the art towards the invention 
defined by claims 1-21. Therefore, the invention claimed in 
claims 1 - 21 is novel, involves an inventive step and has 
industrial applicability according to PCT Article 33(2,3,4). 

The following document was cited in the International Search 
Report as particularly relevant with regard to claims 22 and 
24 : 

Dl. DE, CI, 19728353 



Form PCT/IPEA/409 (Box V) (January 1998) 



Supplemental Box . «- . .^ 

(To be used when the space in any of the preceding boxes is not suffiaent) 



Continuation of: V. 

Dl discloses a regulating device for a diesel engine 
comprising means for recirculating a part of exhaust gases and 
a valve device for regulating the relation between supplxed 
fresh air and recirculated exhaust gases. The valve device is 
controlled depending on different engine parameters. 

The method and the device according to claims 22 and 24 differ 
from the device described in Dl only in that a Lambda probe is 
used in addition to a speed sensor and an engine load sensor 
in order to regulate the air/fuel relation of the diesel 
engine. However, according to Dl (column 4, line 46 - line 54) 
the regulating system of the engine can be provided, for 
example, with carbon dioxide sensors placed in the intake pipe 
and the exhaust pipe. Furthermore, the use of a Lambda probe 
in mixture regulating systems for internal combustion engines 
is commonly known art and obvious to a person skilled in the 
art Therefore, the subject matter of claim 22 and likewise of 
claim 24 is novel according to PCT Article 33(2) but lacks 
inventive step according to PCT Article 33(3). 

Dependent claims 23 and 25 disclose further features of the 
invention according to claims 22 and 24 and are considered to 
fulfil the requirement of novelty according to PCT Article 
33(2) but lacks inventive step according to PCT Article 33 (J). 

However, claims 22 - 25 fulfil the requirement of industrial 
applicability according to PCT Article 33(4). 
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CLAIMS: 

1. A method for recirculating a part of exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 

5 engine, the exhaust gases being diverted from the exhaust 
pipe (6, 9) and directed through a recirculation conduit (10) 
to a controllable valve device (12) arranged between the en- 
gine and an air intake (2) thereof to enable supply of 
air/recirculated exhaust gases in a desired relation to a com- 

10 bustion chamber of the engine, the valve device comprising 
dampers (20, 21) arranged in inlet channels (17, 18) for the 
recirculated exhaust gases and air respectively, character- 
ized in that at least one of the dampers (20, 21) always is 
maintained open and that the other damper (20, 21) is closed 

15 by means of a drive motor (22) common to the dampers. 

2. A method according to claim 1, characterized in that the ex- 
haust gases from the exhaust pipe (6, 9) are diverted after a 
catalyst (7) and a particle filter (8). 

20 

3. A method according to claim 1 or 2, characterized in that the 
relation air/recirculated exhaust gases is regulated by means 
of a control device (13) controlling the valve device (12) 
based on information (14, 15, 16) supplied as to the actual 

25 operational state of the engine (1). 

4. A method according to any preceding claim, characterized in 
that the exhaust gases in the recirculation conduit (10) are 
cooled in a cooler (11) arranged in the recirculation conduit 

30 (10). 

5. A method according to any preceding claim, characterized in 
that In a super charged diesel engine the recirculated ex- 
haust gases are supplied between the air intake (2) and a 

35 super charger (4). 
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6. A device for recirculating a part of the exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 
engine, a recirculation conduit (10) being provided for di- 
verting the exhaust gases from the exhaust pipe (6, 9) and 

5 directing them to a controllable valve device (12) arranged 
between the engine and an air intake (2) thereof for enabling 
supply of air/recirculated exhaust gases in a desired relation 
to a combustion chamber of the engine (1), the valve device 
comprising dampers (20, 21) arranged in inlet channels (17, 
10 18) for the recirculated exhaust gases and air respectively, 

characterized in that the valve device is arranged to always 
maintain at least one of the dampers open and that a drive 
motor (22) common to the dampers is arranged to close the 
other of the dampers (20, 21). 

15 

7. A device according to claim 6, characterized in that the 
drive motor (22) of the valve device (12) is controlled by a 
control device (13) regulating, by means of the positions of 
the dampers (20, 21), the relation air/recirculated exhaust 

20 gases in the valve device (12) based on information (14, 15, 
16) supplied as to the actual operational state of the engine. 

8. A device according to any of claims 6-7, characterized in 
that the recirculation conduit (10) is connected to the exhaust 

25 pipe (6, 9) of the engine after the catalyst (7) and a particle 

filter (8). 

9. A device according to any of claims 6-8, characterized by a 
cooler (11) arranged in the recirculation conduit (10) to cool 

30 the recirculated exhaust gases. 

10. A device according to any of claims 6-9, characterized In 
that in a diesel engine having a super charger, the valve (12) 
is arranged between the air intake (2) and the super charger. 

35 
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11. A device according to any of claims 6-10, characterized in 
that tine drive motor is a step-motor (22) arranged to operate 
one of the dampers (20, 21) at a time and adjust the same 
into an arbitrary position. . 

12. A device according to any of claims 6-11, characterized in 
that both dampers (20, 21) in a normal position are spring 
loaded (28, 29) to an open position. 

13. A device according to any of claims 6-12, characterized in 
that the valve device (12) comprises a first axle (23) on 
which a first one (20) of the dampers is arranged and a sec- 
ond axle (24) on which a second one (21) of the dampers is 
arranged, the first and second axles (23, 24) being concen- 
tric, and that both axles (23, 24) are arranged to be rotatable 
by the drive motor (22). 

14. A device according to claim 13. characterized in that the 
first axle (23) is connected to a first actuation arm (26). that 
the second axle (24) is connected to a second actuation arm 
(27), and that the valve device (12) comprises an actuation 
pin (25) which is moveable by means of the drive motor (22) 
in order to rotate the first axle (23) and the second axle (24) 
by interaction with the first actuation arm (26) and the 
second actuation arm (27). respectively, so as to control the 
position of the dampers (20, 21). 

15. A device according to claim 14, characterized in that the 
valve device (12) comprises springs (28, 29) acting on the 
actuation arms (26, 27) so as to spring load each damper 
(20, 21) towards an open position. 

16. A valve for mixing two fluids flowing through two inlet chan- 
nels (17, 18), characterized in that dampers (20, 21) are ar- 
ranged in both inlet channels (17, 18). that at least one of 
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the dampers always is open and that a common motor (22) is 
arranged to close the other of said dampers (20, 21). 

17. A valve according to claim 16, characterized in that the 
5 motor is a step-motor (22) arranged to operate one of the 

dampers (20, 21) at a time and adjust the same into an arbi- 
trary position. 

18. A valve according to claim 16 or 17, characterized in that 
10 both dampers (20, 21) in a normal position are spring loaded 

(28, 29) to an open position. 

19. A valve according to any of claims 16-18, characterized in 
that the valve (12) comprises a first axle (23) on which a first 

15 one (20) of the dampers is arranged and a second axle (24) 

on which a second one (21) of the dampers is arranged, the 
first and second axles (23, 24) being concentric, and that 
both axles (23, 24) are arranged to be rotatable by the motor 
(22). 

20 

20. A valve according to claim 19, characterized in that the first 
axle (23) is connected to a first actuation arm (26), that the 
second axle (24) is connected to a second actuation arm 
(27), and that the valve (12) comprises an actuation pin (25) 

25 which is moveable by means of the motor (22) in order to 
rotate the first axle (23) and the second axle (24) by interac- 
tion with the first actuation arm (26) and the second actua- 
tion arm (27), respectively, so as to control the position of 
the dampers (20, 21 ). 

30 

21. A valve according to claim 20, characterized in that the 
valve (12) comprises springs (28, 29) acting on the actuation 
arms (26, 27) so as to spring load each damper (20, 21) to- 
wards an open position. 

35 
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22. A method for regulating a diesel engine, a part of tlie exhaust 
gases from the diesel engine being recirculated to the inlet 
thereof and a supply of fresh air and recirculated exhaust 
gases to the diesel engine being regulated by means ,of a 

5 valve device (12) controlled by a control device (13) to regu- 
late the relation between the supplied fresh air and recircu- 
lated exhaust gases, characterized in that the control device 

(13) is supplied with information from a Lambda probe (14). 
an engine speed sensor (15) and an engine load sensor (16) 

10 so as to regulate the air/fuel relation of the diesel engine by 
means of said information and the valve device. 

23. A regulating method according to claim 22, characterized in 
that a valve according to any of claims 16-21 is used as the 

15 valve device. 

24. A regulating device for a diesel engine, comprising means 
(10) for recirculating a part of exhaust gases from the diesel 
engine to an inlet thereof and a valve device (12) controlled 

20 by a control device (13) for regulating supply of fresh air and 
recirculated exhaust gases to the diesel engine so as to 
regulate the relation between supplied fresh air and recircu- 
lated exhaust gases, characterized in that a Lambda probe 

(14) , an engine speed sensor (15) and an engine load sensor 
25 (16) are connected to the control device (13) to supply infor- 
mation thereto and that the control device (13) is arranged to 
regulate the air/fuel relation of the diesel engine by means of 
said information and the valve device (12). 

30 25. A device according to claim 24, characterized in that the 
valve device is a valve according to any of claims 16-21 . 
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(54) Title: A METHOD AND DEVICE FOR AN EGR-SYSTEM AND A VALVE AS WELL AS A REGULATION METHOD AND 
DEVICE 

(57) Abstract 

The invention is related to a method 
and a device for recirculation of a part of 
exhaust gases from an exhaust pipe (6, 9) 
of a diesel engine (1) to the inlet of the 
engine, the exhaust gases being diverted from 
the exhaust pipe (6, 9) and directed through 
a recirculation conduit (10) to a controllable 
valve device (12) arranged between the engine 
and the air intake (2) thereof for allowing 
supply of air/recirculated exhaust gases in a 
desired relation to the combustion chamber of 
the engine (1). The invention also relates to a 
particular valve having two controllable inlets, 
said valve being useful in the method or device 
according to the invention, and a regulation 
method and device for regulating the air/fuel 
relation of a diesel engine. 
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A method and device for an EGR-system and a 
valve as well as a regulation method and device 

10 The present invention is related to a method and a device for an 
EGR-system (Exhaust Gas Recirculation), particularly for use in 
heavy-duty diesel engines. The invention also relates to a valve 
which is particularly suited for the method and device according 
to the invention but the valve may also find use within other 

15 fields. Finally, the invention is also related to a regulation 
method and device for a diesel engine. 

In order to reduce the contents of hazardous exhaust gases, 
particularly nitrogen oxide (NOx), so called EGR-systems are 

20 used since many years in many types of combustion engines. 
Such systems admit a part of the exhaust gases to be 
recirculated to the intake system of the engine, where it is mixed 
with the intake air and is conveyed further to the combustion 
chamber of the engine. The recirculated exhaust gases replace 

25 a part of the intake air and have a reducing effect on the 
formation of NOx. A so called EGR-valve is then placed in 
connection with the exhaust system of the engine, the purpose 
of said valve being to regulate the amount of recirculated 
exhaust gases. 

30 

A method and a device according to the precharacterising parts 
of enclosed claims 1 and 6 are disclosed in DE A1 4 007 516. 
Although this prior art makes it possible to use an EGR-system 
in super charged diesel engines, where the pressure in the in- 
35 take system downstream of the super charger is higher than the 
pressure in a recirculation conduit from an EGR-valve some 
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important disadvantages are inherent in this prior art. Thus, the 
valve device comprises separate dampers arranged in the EGR- 
recirculation channel and an air intake channel. Separate drive 
motors are provided for these dampers, a fact which makes the 
5 valve device complicated and this also applies for a control 
device therefor. 

OBJECT OF THE INVENTION 

10 A primary object of the present invention is to provide a method 
enabling a more reliable and simple regulation of the relation 
air/recirculated exhaust gases. As to the device according to the 
invention, the aim is to simplify the valve device and provide for 
a more reliable and simple control thereof. 

15 

A secondary object of the invention is to provide a valve suitable 
for mixing two fluids flowing through two inlet channels. Such a 
valve should be suitable for general purposes but is particularly 
useful in an EGR-system for diesel engines, including super 
20 charged diesel engines. 

A tertiary object of the invention is to provide a regulation 
method and device providing for improved regulation possibili- 
ties with regard to a diesel engine provided with an EGR-sys- 
25 tem. 

SUMMARY OF THE INVENTION 

The primary object of the invention is achieved by the features 
30 defined in the characterising parts of claims 1 and 6. The design 
of the valve device as comprising two dampers, where at least 
one of the dampers always is open and where the other of the 
dampers is closable by means of a drive motor common to the 
dampers provides for a simple design and a reliable operation. 



35 
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The secondary object of the invention is achieved by nneans of 
the valve as defined in the characterising part of claim 13. 

The tertiary object of the invention is achieved by means of the 
5 regulation method and device as defined in the characterising 
parts of claims 16 and 18. Thus, this aspect of the invention is 
based on use of probes and sensors connected to a control de- 
vice for the valve device so as to enable regulation not only of 
the relation air/recirculated exhaust gases but also regulation of 
10 the air/fuel relation of the engine. This aspect of the invention 
provides for an improved overall regulation of the engine and a 
smaller amount of pollution. 

Preferable developments of the basic aspects of the invention 
15 are defined in dependent claims. 

The use of an EGR-system as contemplated by the invention on 
an engine provided with a catalyst and a particle filter according 
to the prior art results in a substantial reduction of the NOx 
20 contents. This reduction may be up to 50% and makes it possi- 
ble to upgrade existing diesel engines to present emission re- 
quirements and to upgrade modern diesel engines to future 
emission requirements. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described by means of non-limiting 
embodiments illustrated in the drawings, where 

30 Fig 1 illustrates a diagrammatical view of an EGR-system ac- 
cording to the invention; 

Fig 2a illustrates a sectioned valve according to the invention 
in one end position; 



35 
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is a section view of the valve in Fig 2a as viewed in the 
direction of the arrow B-B; 

illustrates a sectioned valve according to the invention 
in an intermediate position; 

illustrates a section view of the valve in Fig 3a as 
viewed in the direction of the arrow B-B; 

illustrates a cut valve according to the invention in a 
second end position; and 

illustrates a section view of the valve in Fig 4a as 
viewed in the direction of the arrow B-B. 
15 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig 1 is a diagrammatical view showing the parts, which are es- 
sential to the invention, of a combustion engine indicated with 

20 the reference character 1. The engine is in the selected em- 
bodiment example a turbo charged diesel engine but as already 
mentioned the engine may be a diesel engine without super 
charging or a diesel engine with a different type of super charg- 
ing than a turbo charger. Air is taken to the engine 1 through an 

25 air intake, an air filter 2, and is directed via an inlet air channel 
3 to a turbo charger 4, where the air is super charged and then 
conveyed further through an intercooler 5, where the super 
charged air is cooled down before it is conveyed into the engine 
1. The exhaust gases from the engine 1 are first directed 

30 through the second side of the turbo charger 4, namely that side 
which is the driving one, and then through an exhaust pipe 6, a 
catalyst 7 and a particle trap 8 to finally be emitted to the open 
air via an end pipe 9. 

35 From the end pipe 9, i.e. an extension of the exhaust pipe after 
the catalyst and particle trap, there is a branch, a recirculation 



Fig 2b 
Fig 3a 

5 

Fig 3b 
10 Fig 4a 
Fig 4b 
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conduit 10, to recirculate from the exhaust gases a part thereof 
to the engine. The recirculation conduit 10 passes suitably 
through a cooler 11 to cool down the recirculated exhaust gases 
and it connects to the inlet air channel 3 via a valve device 12 
5 controllable by means of an EGR control device 13. The valve 
device 12 may, with the assistance of the EGR control device 
13, regulate the relation between the supplied amount of fresh 
air from the inlet air channel 3 and the supplied amount of recir- 
culated exhaust gases from the recirculation conduit 10. 

10 

The EGR control device 13 regulating the valve device 12 Is 
supplied with information about the actual operational state of 
the engine from a.o. a Lambda probe 14, a sensor 15 for the 
number of revolutions of the engine and a sensor 16 for engine 

15 load and this control device is programmed to control the valve 
device 12 and, accordingly, the mixing relation fresh air/exhaust 
gases for the purpose of minimising the contents of hazardous 
substances leaving the end pipe 9 and being emitted into the 
open air. The programming of the EGR control device 13 occurs 

20 in a previously known manner with regard to the relations 
between the different factors given hereinabove. As is well 
known, a Lambda probe provides an output signal varying with 
the oxygen contents of the exhaust gases. The engine load 
sensor 16 may for instance be a throttle position sensor and/or a 

25 sensor sensing the amount of fuel injected to the engine. Also 
other sensors than those mentioned may be added to achieve a 
refined regulation. 

The valve device 12 may comprise separate valves in the inlet 
30 air channel 3 and in the recirculation conduit 10, said valves 
then being separately controllable by the EGR control device 13. 
Alternatively the valve device 12 may also comprise a unit, in 
which flows from the inlet air channel 3 and the recirculation 
conduit 10 may be selectively brought together, by means of 
35 valves contained in the valve device, to a common output flow, 
which is conveyed further to the turbo charger for super charg- 
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ing and introduction into the engine via the intercooler 5. A par- 
ticularly suitable valve device 12 in one unit is a particular part 
of the invention and will be described more closely hereunder. 

5 The valve illustrated in Figs 2-4 is a type of mixing valve pro- 
viding for mixing of two in-flowing fluids in such a manner that 
the in-flowing fluid in one of the two inlet channels may be 
regulated from 0 to maximum, and thereafter the in-flowing fluid 
in the second inlet channel from a maximum to 0. 

10 

In use of the valve according to the invention as illustrated in 
Figs 2-4 as a valve device 12 in the method or device according 
to the invention, the inlet air channel 3 is connected to the sec- 
ond inlet channel 18 of the valve, whereas the recirculation con- 

15 duit 10 is connected to the first inlet channel 17 of the valve. 
Furthermore, there is in the valve an outlet channel 19, which in 
the present embodiment conveys the gases mixed in the valve 
to the turbo charger 4. In both inlet channels 17 and 18, there 
are dampers 20 and 21, which are pivotable between an open 

20 and a closed position by means of an adjustment motor 22, for 
instance a step motor, to open or close the inlet channels. The 
two dampers 20, 21 are placed on concentric axles 23, 24, 
which are rotatable by means of the adjustment motor 22 and an 
actuation pin 25 driven by the motor, said actuation pin being 

25 capable of pivoting actuation arms 26. 27 connected to the axles 
23 and 24 respectively. The actuation arms 26, 27 are spring 
loaded by one or more springs 28, 29 to a normal position, 
illustrated in Fig 3, where both dampers 20, 21 are held in a 
position such that the inlet channels 17, 18 are open. 

30 

In the position illustrated in Fig 2a, b, which is a starting posi- 
tion, the adjustment motor 22 has, by means of its actuation pin 
25 and by means of the actuation arm 26, rotated the damper 20 
to a closed position, and thus, the first inlet channel 17 con- 
35 nected to the recirculation conduit 10 is closed and no exhaust 
gases may be recirculated to the turbo charger and the engine. 




wo 00/28203 7 PCT/SE99/02029 



The second actuation arm 27 is nnaintained In its normal position 
by the spring 29, which means that the damper 21 In the second 
Inlet channel 18 connected to the inlet air channel 3 is main- 
tained in its normally opened position and allows free flow of 
5 inlet air through the valve via the outlet channel 19 to the turbo 
charger. The adjustment motor 22 is controlled by the EGR con- 
trol device 13 to regulate the relation between fresh air via the 
inlet air channel 3 and recirculated exhaust gases via the recir- 
culation conduit 10. In the position with the damper 21 open, the 

10 adjustment motor 22 may rotate, by means of its actuation pin 
25 and by means of the actuation arm 26, the damper 20 from 
the entirely closed position shown in Fig 2a, b to the position 
which is shown in Fig 3a, b where also the damper 20 is in such 
a position that also the first inlet channel 17 is open. The ad- 

15 justment motor may also adjust the damper 20 into any position 
between these two end positions. 

The position illustrated in Fig 3a, b, which is the normal position 
for the adjustment motor 20, is such that the actuation pin 25 of 
20 the adjustment motor does not actuate any of the actuation arms 
26, 27 but they are maintained by the springs 28, 29 in a normal 
position, where, accordingly, the dampers 20, 21 open both inlet 
channels 17, 18. 

25 Fig 4a, b illustrates a position contrary to the one in Fig 2a, b. 
Thus, the adjustment motor 22 has by means of its actuation pin 
25 and by means of the actuation arm 27 rotated the damper 21 
to a closed position, which means that the connection of the 
inlet air channel 3 with the outlet channel 19 is entirely 

30 interrupted whereas on the contrary the first inlet channel 17 
connected to the recirculation conduit 10 is entirely open and 
allows the recirculated exhaust gases to freely flow further 
through the outlet channel 19 and then to the turbo charger 4 
and further on to the engine. However, by means of the 

35 adjustment motor 22, the damper 21 may be adjusted into any 
intermediate position between the end positions illustrated in 
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Figs 3 and 4 to allow a desired amount, controlled by the EGR 
control device 13, of fresh air to be mixed with the recirculated 
exhaust gases. 

5 Thus, with the valve according to the invention it becomes pos- 
sible to control, in a simple manner, a three-way valve having 
two inlets and having a normal position, where both inlets are 
open so that one or the other of the inlets may be controlled 
steplessly whereas the remaining inlet is maintained open. The 
10 valve may of course be controlled in other manners than by 
means of the EGR control device 13 described above and it may 
be used in quite different connections than the one now de- 
scribed and where corresponding control properties are desir- 
able. 

15 

In a regulation method according to the invention, a control 
device is used which is supplied with information from a lambda 
probe 14, a motor speed sensor 15 and an engine load sensor 
16. The control device is connected to a valve device, 

20 corresponding to the valve device 12 described here-inabove, 
for regulation of the in-flowing amounts of air and/or recirculated 
exhaust gases to the engine. This valve device is arranged 
between the air filter and the inlet channel of the engine and 
may, as also has been described for the valve device 12, 

25 comprise separate valves in the inlet air channel and recir- 
culation conduit, or a three-way valve of the kind also described 
hereinabove. The valve device is controllable in a corresponding 
manner as also described hereinabove, and the control device 
may therefore control, based on the input signals received, the 

30 air/fuel relation of the engine by regulating the amount of in- 
flowing air and simultaneously regulating the relation between 
the supplied fresh air and recirculated exhaust gases. This 
aspect of the invention is applicable with or without 
supercharging. 



35 
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With the regulation method and device according to the inven- 
tion it is possible to further decrease the NOx-contents in the 
exhaust gases exiting from the end pipe of a diesel engine. 
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CLAIMS: 

1. A method for recirculating a part of exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 
engine, the exhaust gases being diverted from the exhaust 
pipe (6, 9) and directed through a recirculation conduit (10) 
to a controllable valve device (12) arranged between the en- 
gine and an air Intake (2) thereof to enable supply of 
air/recirculated exhaust gases in a desired relation to a com- 
bustion chamber of the engine, the valve device comprising 
dampers (20, 21) arranged in inlet channels (17, 18) for the 
recirculated exhaust gases and air respectively, character- 
ized in that at least one of the dampers (20, 21) always is 
maintained open and that the other damper (20, 21) is closed 
by means of a drive motor (22) common to the dampers. 

2. A method according to claim 1, characterized in that the ex- 
haust gases from the exhaust pipe (6. 9) are diverted after a 
catalyst (7) and a particle filter (8). 

3. A method according to claim 1 or 2, characterized in that the 
relation air/recirculated exhaust gases is regulated by means 
of a control device (13) controlling the valve device (12) 
based on information (14. 15, 16) supplied as to the actual 
operational state of the engine (1). 

4. A method according to any preceding claim, characterized In 
that the exhaust gases in the recirculation conduit (10) are 
cooled in a cooler (11) arranged in the recirculation conduit 
(10). 

5. A method according to any preceding claim, characterized in 
that in a super charged diesel engine the recirculated ex- 
haust gases are supplied between the air intake (2) and a 
super charger (4). 
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6. A device for recirculating a part of the exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 
engine, a recirculation conduit (10) being provided for di- 

5 verting the exhaust gases from the exhaust pipe (6, 9) and 

directing them to a controllable valve device (12) arranged 
between the engine and an air intake (2) thereof for enabling 
supply of air/recirculated exhaust gases in a desired relation 
to a combustion chamber of the engine (1), the valve device 

10 comprising dampers (20, 21) arranged in inlet channels (17. 

18) for the recirculated exhaust gases and air respectively, 
characterized in that the valve device is arranged to always 
maintain at least one of the dampers open and that a drive 
motor (22) common to the dampers is arranged to close the 

15 other of the dampers (20, 21). 

7. A device according to claim 6, characterized in that the 
drive motor (22) of the valve device (12) is controlled by a 
control device (13) regulating, by means of the positions of 

20 the dampers (20, 21), the relation air/recirculated exhaust 

gases in the valve device (12) based on information (14, 15, 
16) supplied as to the actual operational state of the engine. 

8. A device according to any of claims 6-7, characterized in 
25 that the recirculation conduit (10) is connected to the exhaust 

pipe (6, 9) of the engine after the catalyst (7) and a particle 
filter (8). 

9. A device according to any of claims 6-8, characterized by a 
30 cooler (11) arranged in the recirculation conduit (10) to cool 

the recirculated exhaust gases. 

10. A device according to any of claims 6-9, characterized in 
that in a diesel engine having a super charger, the valve (12) 

35 is arranged between the air intake (2) and the super charger. 
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11. A device according to any of claims 6-10, characterized in 
that the drive motor is a step-motor (22) arranged to operate 
one of the dampers (20, 21) at a time and adjust the same 
into an arbitrary position. 

5 

12. A device according to any of claims 6-11, characterized in 
that both dampers (20, 21) in a normal position are spring 
loaded (28, 29) to an open position. 

10 13. A valve for mixing two fluids flowing through two inlet chan- 
nels (17, 18), characterized in that dampers (20, 21) are ar- 
ranged in both inlet channels (17, 18), that at least one of 
the dampers always is open and that a common motor (22) is 
arranged to close the other of said dampers (20, 21). 

15 

14. A valve according to claim 13, characterized in that the 
motor is a step-motor (22) arranged to operate one of the 
dampers (20, 21) at a time and adjust the same into an arbi- 
trary position. 

20 

15. A valve according to claim 13 or 14, characterized in that 
both dampers (20, 21) in a normal position are spring loaded 
(28, 29) to an open position. 

25 16. A method for regulating a diesel engine, a part of the exhaust 
gases from the diesel engine being recirculated to the inlet 
thereof and a supply of fresh air and recirculated exhaust 
gases to the diesel engine being regulated by means of a 
valve device (12) controlled by a control device (13) to 

30 regulate the relation between the supplied fresh air and 
recirculated exhaust gases, characterized in that the control 
device (13) is supplied with information from a Lambda probe 
(14), an engine speed sensor (15) and an engine load sensor 
(16) so as to regulate the air/fuel relation of the diesel 

35 engine by means of said information and the valve device. 
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17. A regulating method according to claim 16, characterized in 
that a valve according to any of claims 13-15 is used as the 
valve device. 

5 18. A regulating device for a diesel engine, comprising means 
(10) for recirculating a part of exhaust gases from the diesel 
engine to an inlet thereof and a valve device (12) controlled 
by a control device (13) for regulating supply of fresh air and 
recirculated exhaust gases to the diesel engine so as to 

10 regulate the relation between supplied fresh air and 
recirculated exhaust gases, characterized in that a Lambda 
probe (14), an engine speed sensor (15) and an engine load 
sensor (16) are connected to the control device (13) to 
supply information thereto and that the control device (13) is 

15 arranged to regulate the air/fuel relation of the diesel engine 

by means of said information and the valve device (12). 

19. A device according to claim 18, characterized in that the 
valve device is a valve according to any of claims 13-15. 
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1. With regard to the elements of the international application:* 
I I the international application as originally filed 

the description: 

pages 1-9 

pages ^ — 

pages , 



, as originally filed 
, filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 



, as originally filed 



, as amended (together with any statement) under article 19 

, filed with the demand 



pages 10-14 
the drawings: 
pages 1-2 

pages 

pages 



, filed with the letter of 9^. 11,2000 



, as originally filed 
, filed with the demand 



, filed with the letter of 



[ I the sequence listing part of the description: 

pages 

pages 

pages 



, as ori^nally filed 
, filed with the demand 



, filed with the letter of 



2 With regard to the language, all the elements marked above were available or fiimished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under tWs item. 
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I — I the language of a translation fiimished for the purposes of international search (under Rule 23. 1(b)). 
I 1 the language of publication of the international application (under Rule 48.3(b)). 

rH the language of the translation fiimished for tiie purposes of intemational preliminary examination (under Rules 55.2 and/ 
' — ' or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, tire intemational 
preliminary examination was carried out on tiie basis of die sequence listing: 
I [ contmned in the intemational application in written form. 
I I filed togetiier witii the intemational application in computer readable form. 
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I I fiimished subsequentiy to tiiis Authority in computer readable form. 
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7=\ ?^|T£^^i^Se^^^ readable fomi is identical to the written sequence listing has 
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4. 1 I The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 

[~] the drawings, sheet/fig 



1—1 ™s report has been established as if (some of) tiie amendments had not been made, since tiiey have been considered to go 
5. 1 1 beyond the disclosure as filed, as incMcated in tiie Supplemental Box (Rule 70.2 (c)). 

* Replacement sheets which have been furnished to the receiving Office in response to an '^'^^'^^'^f^;^^^^^^^ ''^^^'^^^ 
inmTreportas ^'originally filed'* and are annexed to this report since th^ ^0.16 

and 70,17), 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report, 
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rV. Lack of unity of invention 



1 . In response to the invitation to restrict or pay additional fees the applicant has: 
I I restricted the claims. 
I j paid additional fees. 
I j paid additional fees under protest 
[ I neither restricted nor paid additional fees. 



2. 



^ This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68.1, not | 



to invite the applicant to restrict or pay additional fees. 



3. This Authority considers that the requirement ofunityofinvention in accordance with 13.1, 13.2 and 13.3 is 
[ I complied with. 

[^)<^ not complied with for the following reasons: 

The International Preliminary Examining Authority found 
multiple inventions in this international application, as 

follows : ^ ' 4= 

claims 1-21 relate to a method and a device tor 
recirculating a part of exhaust gases of a diesel engine and 
to a valve for mixing exhaust gases and fresh air; 

claims 22 - 25 relate to a method and a device for 
regulating a diesel engine depending on information from a 
lambda probe and from sensors for the engine speed and the 
engine load. 

The invention of claims 1 - 21and of claims 22 - 25 do not 
have common special technical features as required by PCT Rule 
13,2. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 

I I all parts. 

I I the parts relating to claims Nos. ^ 



Form PCT/IPEA/409 (Box IV) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Rfnational application No. 
PCT/SE99/02029 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) Claims 1-25 

Claims 



Inventive step (IS) Claims 1-21 



Claims 77-75 



Industrial applicability (lA) Claims 1 -2 5 

Claims 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

Amended claims have been submitted. 

The present invention relates to a method and a device for 
recirculating a part of exhaust gases of a diesel engine and 
to a valve for mixing exhaust gases and fresh air as stated in 
the preambles of claims 1, 6, and 16 respectively. One purpose 
of the invention is to provide a simple and reliable method 
and device regulating the relation air/recirculated exhaust 
gases. This is achieved by the features stated in the 
characterising part of claims 1, 6 and 15. 

None of the documents cited in the International Search Report 
discloses a method and a device for recirculating a part of 
exhaust gases of a diesel engine and a valve for mixing 
exhaust gases and fresh air as claimed in claims 1 - 21. 
Furthermore, in the cited documents there are no suggestions 
leading a person skilled in the art towards the invention 
defined by claims 1-21. Therefore, the invention claimed in 
claims 1 - 21 is novel, involves an inventive step and has 
industrial applicability according to POT Article 33(2,3,4). 

The following document was cited in the International Search 
Report as particularly relevant with regard to claims 22 and 
24 : 

Dl. DE, CI, 19728353 
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Supplemental Box . 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V . 

Dl discloses a regulating device for a diesel engine 
comprising means for recirculating a part of exhaust gases and 
a valve device for regulating the relation between supplied 
fresh air and recirculated exhaust gases. The valve device as 
controlled depending on different engine parameters. 

The method and the device according to claims 22 and 24 differ 
from the device described in Dl only in that a . Lambda probe is 
used in addition to a speed sensor and an engine load sensor 
in order to regulate the air/fuel relation of the diesel 
engine. However, according to Dl (column 4, line 46 - line 54) 
the regulating system of the engine can be provided, for 
example, with carbon dioxide sensors placed in the intake pipe 
and the exhaust pipe. Furthermore, the use of a Lambda probe 
in .mixture regulating systems for internal combustion engines 
is commonly known art and obvious to a person skilled in the 
art. Therefore, the subject matter of claim 22 and likewise of 
claim 24 is novel according to PCT Article 33(2) but lacks 
inventive step according to PCT Article 33(3), 

Dependent claims 23 and 25 disclose further features of the 
invention according to claims 22 and 24 and are considered to 
fulfil the requirement of novelty according to PCT Article 
33(2) but lacks inventive step according to PCT Article 33(3). 

However, claims 22-25 fulfil the requirement of industrial 
applicability according to PCT Article 33(4). 
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CLAIMS: 

1. A method for recirculating a part of exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 

5 engine, the exhaust gases being diverted from the exhaust 
pipe (6, 9) and directed through a recirculation conduit (10) 
to a controllable valve device (12) arranged between the en- 
gine and an air intake (2) thereof to enable supply of 
air/recirculated exhaust gases in a desired relation to a com- 

10 bustion chamber of the engine, the valve device comprising 
dampers (20, 21) arranged in inlet channels (17, 18) for the 
recirculated exhaust gases and air respectively, character- 
ized in that at least one of the dampers (20, 21) always is 
maintained open and that the other damper (20, 21) is closed 

15 by means of a drive motor (22) common to the dampers. 

2. A method according to claim 1, characterized in that the ex- 
haust gases from the exhaust pipe (6, 9) are diverted after a 
catalyst (7) and a particle filter (8). 

20 

3. A method according to claim 1 or 2, characterized in that the 
relation air/recirculated exhaust gases is regulated by means 
of a control device (13) controlling the valve device (12) 
based on information (14, 15, 16) supplied as to the actual 

25 operational state of the engine (1). 

4. A method according to any preceding claim, characterized in 
that the exhaust gases in the recirculation conduit (10) are 
cooled in a cooler (11) arranged in the recirculation conduit 

30 (10). 

5. A method according to any preceding claim, characterized in 
that in a super charged diesel engine the recirculated ex- 
haust gases are supplied between the air intake (2) and a 

35 super charger (4). 
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6. A device for recirculating a part of the exhaust gases from an 
exhaust pipe (6, 9) of a diesel engine (1) to an inlet of the 
engine, a recirculation conduit (10) being provided for di- 
verting the exhaust gases from the exhaust pipe (6, 9) and 

5 directing them to a controllable valve device (12) arranged 
between the engine and an air intake (2) thereof for enabling 
supply of air/recirculated exhaust gases in a desired relation 
to a combustion chamber of the engine (1), the valve device 
comprising dampers (20, 21) arranged in inlet channels (17, 
10 18) for the recirculated exhaust gases and air respectively, 
characterized in that the valve device is arranged to always 
maintain at least one of the dampers open and that a drive 
motor (22) common to the dampers is arranged to close the 
other of the dampers (20, 21). 

15 

7. A device according to claim 6, characterized in that the 
drive motor (22) of the valve device (12) is controlled by a 
control device (13) regulating, by means of the positions of 
the dampers (20, 21), the relation air/recirculated exhaust 

20 gases in the valve device (12) based on information (14, 15, 
16) supplied as to the actual operational state of the engine. 

8. A device according to any of claims 6-7, characterized in 
that the recirculation conduit (10) is connected to the exhaust 

25 pipe (6, 9) of the engine after the catalyst (7) and a particle 

filter (8). 

9. A device according to any of claims 6-8, characterized by a 
cooler (11) arranged in the recirculation conduit (10) to cool 

30 the recirculated exhaust gases. 

10. A device according to any of claims 6-9, characterized in 
that in a diesel engine having a super charger, the valve (12) 
is arranged between the air intake (2) and the super charger. 

35 
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11. A device according to any of claims 6-10, characterized in 
that the drive motor is a step-motor (22) arranged to operate 
one of the dampers (20, 21) at a time and adjust the same 
into an arbitrary position. 

12. A device according to any of claims 6-11, characterized in 
that both dampers (20, 21) in a normal position are spring 
loaded (28, 29) to an open position. 

13. A device according to any of claims 6-12, characterized in 
that the valve device (12) comprises a first axle (23) on 
which a first one (20) of the dampers is arranged and a sec- 
ond axle (24) on which a second one (21) of the dampers is 
arranged, the first and second axles (23, 24) being concen- 
tric, and that both axles (23, 24) are arranged to be rotatable 
by the drive motor (22). 

14. A device according to claim 13, characterized in that the 
first axle (23) is connected to a first actuation arm (26). that 
the second axle (24) is connected to a second actuation arm 
(27), and that the valve device (12) comprises an actuation 
pin (25) which is moveable by means of the drive motor (22) 
in order to rotate the first axle (23) and the second axle (24) 
by interaction with the first actuation arm (26) and the 
second actuation arm (27), respectively, so as to control the 
position of the dampers (20, 21). 

15. A device according to claim 14, characterized in that the 
valve device (12) comprises springs (28, 29) acting on the 
actuation arms (26, 27) so as to spring load each damper 
(20, 21) towards an open position. 

16. A valve for mixing two fluids flowing through two inlet chan- 
nels (17, 18), characterized in that dampers (20, 21) are ar- 
ranged in both inlet channels (17, 18), that at least one of 
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the dampers always is open and that a common motor (22) is 
arranged to close the other of said dampers (20, 21). 

17. A valve according to claim 16, characterized in that the 
5 motor is a step-motor (22) arranged to operate one of the 

dampers (20, 21) at a time and adjust the same into an arbi- 
trary position. 

18. A valve according to claim 16 or 17, characterized in that 
10 both dampers (20, 21) In a normal position are spring loaded 

(28, 29) to an open position. 

19. A valve according to any of claims 16-18, characterized in 
that the valve (12) comprises a first axle (23) on which a first 

15 one (20) of the dampers Is arranged and a second axle (24) 
on which a second one (21) of the dampers Is arranged, the 
first and second axles (23, 24) being concentric, and that 
both axles (23, 24) are arranged to be rotatable by the motor 
(22). 

20 

20. A valve according to claim 19, characterized in that the first 
axle (23) Is connected to a first actuation arm (26), that the 
second axle (24) is connected to a second actuation arm 
(27), and that the valve (12) comprises an actuation pin (25) 

25 which is moveable by means of the motor (22) In order to 
rotate the first axle (23) and the second axle (24) by Interac- 
tion with the first actuation arm (26) and the second actua- 
tion arm (27), respectively, so as to control the position of 
the dampers (20, 21 ). 



30 



21. A valve according to claim 20, characterized In that the 
valve (12) comprises springs (28, 29) acting on the actuation 
arms (26, 27) so as to spring load each damper (20, 21) to- 
wards an open position. 



35 



AMENDED SHEET 






PL I/' Sr. i 'o - 



2 3 -11- 2GC0 



22. A method for regulating a diesel engine, a part of the exhaust 
gases from the diesel engine being recirculated to the inlet 
thereof and a supply of fresh air and recirculated exhaust 
gases to the diesel engine being regulated by means of a 
valve device (12) controlled by a control device (13) to regu- 
late the relation between the supplied fresh air and recircu- 
lated exhaust gases, characterized in that the control device 

(13) is supplied with information from a Lambda probe (14), 
an engine speed sensor (15) and an engine load sensor (16) 
so as to regulate the air/fuel relation of the diesel engine by 
means of said information and the valve device. 

23. A regulating method according to claim 22, characterized in 
that a valve according to any of claims 16-21 is used as the 
valve device. 

24. A regulating device for a diesel engine, comprising means 
(10) for recirculating a part of exhaust gases from the diesel 
engine to an inlet thereof and a valve device (12) controlled 
by a control device (13) for regulating supply of fresh air and 
recirculated exhaust gases to the diesel engine so as to 
regulate the relation between supplied fresh air and recircu- 
lated exhaust gases, characterized In that a Lambda probe 

(14) , an engine speed sensor (15) and an engine load sensor 
(16) are connected to the control device (13) to supply infor- 
mation thereto and that the control device (13) is arranged to 
regulate the air/fuel relation of the diesel engine by means of 
said information and the valve device (12). 

25. A device according to claim 24, characterized in that the 



valve device is a valve according to any of claims 16-21 . 
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